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IK-Ar and %°Ar/*°Ar, and fission-track ages shown in Ma are those considered most reliable; see table 1

DESCRIPTION OF MAP UNITS
SURFICIAL DEPOSITS

Talus (Holocene)—Unsorted accumulations of loose, angular blocks forming

steep unvegetated slopes beneath cliff faces at higher elevations, mainly
in upper Coldwater Creek drainage basin; primarily rockfall and rock-
avalanche deposits

Alluvium (Holocene and Pleistocene}—Unconsolidated, poorly to moderately

sorted deposits of silt, sand, and gravel in valleys of active streams.
Locally includes colluvium, talus, and thick accumulations of reworked
tephra derived from Mount St. Helens; also locally includes minor drift,
especially in small basins above 3500 ft. Within area devastated by
1980 eruption of Mount St. Helens (all but northeasternmost part of
quadrangle), alluvium is commonly buried by reworked blast-pyroclastic-
surge deposits (not mapped) or by ponded secondary blast-pyroclastic-
flow deposits shed from adjacent slopes (not mapped) (Lipman and
Mullineaux, 1981; Fisher and others, 1987)1

Landslide deposits (Holocene and Pleistocene)—Diamicton of unsorted,

angular, mixed bedrock and surficial material transported downslope en
masse. Chiefly internally disrupted rockslide, earthflow, and debris-
avalanche deposits. Most slides head at theatre-shaped scars and exhibit
subhorizontal tops, bulbous toes, and hummocky surfaces. Slides in
South Coldwater Creek were derived from hydrothermally altered rock
adjacent to fault zones

Deposits of 1980 eruptions of Mount St. Helens volcano (Holocene)—Divided

into:

Pumiceous pyroclastic flow deposits—Unconsolidated, poorly sorted ash

and pumice deposited in North Fork Toutle River valley (Pumice Plain) by
pyroclastic flows originating at Mount St. Helens between May and
October, 1980 (Rowley and others, 1981; Criswell, 1987). Deposits on
Pumice Plain form fanlike pattern of sheets and tongues displaying steep
flow fronts and marginal levees. Individual lobes range from 1 m to more
than 10 m thick; deposits locally ponded in irregular topography of debris-
avalanche deposits (Qsda) to depths exceeding 40 m; along former course
of North Fork Toutle River, pockmarked by phreatic explosion craters.
Stratigraphically complex; locally includes ash-cloud, hydroclastic,
pyroclastic blast-surge and lithic pyroclastic-flow deposits (Rowley and
others, 1981; Kuntz and others, 1990; Criswell, 1987; Fisher and others,
1987). Composed chiefly of pumice lapilli and rare blocks as much as 2 m
across in a matrix of fine vitric-crystal ash; lithic blocks as large as 1 m
across abundant locally. Pumice white to medium gray, locally with streaky
banding; surficial oxidation of unit to tan, buff, and pinkish colors
common; pumice is porphyritic silicic andesite to mafic dacite (Lipman and
others, 1981; Cashman and Taggart, 1983; Criswell, 1987) containing
phenocrysts and microphenocrysts of plagioclase (25-40 percent; 0.5 to
1.5 mm long), hypersthene (3-6 percent; 0.5 mm across), hornblende (2-4
percent; 0.2 to 1.6 mm long), Fe-Ti oxides (1.5 percent;), and augite
(trace; 0.5 mm across) in highly vesicular to microvesicular dacitic to
rhyolitic glass (Kuntz and others, 1981; Cashman and Taggart, 1983).
Distribution mapped largely from 1980 posteruption photography;
deposits extensively reworked and dissected by posteruption stream activity
and locally overlain by thin post-1980 lahar deposits not mapped
separately (Waitt and others, 1983)

Lahar deposits—Flat-surfaced, unconsolidated, 2-m-thick deposit of white to

light-gray to light-brown, unsorted, generally unstratified, volcanic
diamicton at south end of Spirit Lake. Consist of subangular pebbles
and cobbles of Mount St. Helens lithologies dispersed in matrix of
abundant brown ash. Formed largely from pyroclastic blast-surge
deposits remobilized by water displaced from Spirit Lake by debris
avalanche of May 18, 1980 (Glicken, 1986). Similar unmapped lahar
deposits present between hummocks north of Bear Cove. Extensively
reworked by posteruption fluvial processes

Debris-avalanche deposits—Varicolored, hummocky, polymictic volcanic

diamicton generated by collapse of north flank of Mount St. Helens on
May 18, 1980 (Voight and others, 1981). Unsorted chaotic mixture of
basalt, andesite, dacite, and pyroclastic rock fragments; contains minor
admixtures of soil, colluvium, and woody debris (Glicken, 1986; Glicken
and others, 1989). Most distinctive morphologic features of deposit,
especially in North Fork of Toutle River valley and at Bear Cove, are
irregular to conical hummocks as high as 75 m and closed depressions
as deep as 50 m; marginal levees as high as 30 m high are present
along base of Johnston Ridge west of Spirit Lake. Deposit contains
large blocks of original volcanic edifice of Mount St. Helens, some of
which exceed 500 m in maximum dimension; although thoroughly
shattered, their internal stratigraphy is largely intact (Glicken, 1986).
Locally overlain by, underlain by, or interstratified and mixed with
pyroclastic blast-surge deposits O to 14 m thick (Criswell, 1987; Glicken,
1986; Glicken and others, 1989); covered by as much as 16 m of fine-
grained tan ash-cloud deposits south of The Spillover (Rowley and
others, 1981; Criswell, 1987; Glicken and others, 1989). Debris
avalanche deposit is as thick as 195 m in North Fork Toutle valley
(Voight and others, 1981; Glicken, 1986), where it buried Mount St.
Helens deposits (exposed prior to 1980) of Spirit Lake eruptive stage of
Crandell (1987). Deposits along shore of and forming islands in Spirit
Lake partially reworked by water displaced from lake by rockslide-
avalanche. At The Spillover, debris avalanche surmounted Johnston
Ridge and moved down South Coldwater Creek, creating a deposit 24 to
73 m thick veneered by flat-surfaced secondary blast-pyroclastic flow
deposits shed from adjacent valley walls (Fisher and others, 1987).
Everywhere extensively gullied and modified by post-1980 erosion;
locally overlain by 1980 and younger lahar deposits (Waitt and others,
1983) not mapped separately. Forms veneer over much of east end of
Johnston Ridge but shown only where thick (>1 m) and extensive
enough to obscure bedrock

Evans Creek Drift (Pleistocene)—Divided into:
Till deposits—Unsorted, unstratified diamicton composed of angular to

rounded clasts as much as 2 m across in a compact matrix of sand, silt,
and clay; locally includes glaciofluvial sand and gravel deposits and areas
of modern alluvium too small to map separately; includes postglacial
colluvium along Green River, Coldwater Creek, and South Coldwater
Creek. Locally exposed beneath incised debris-avalanche deposits
(Qsda) in South Coldwater Creek (Crandell, 1987). Till is oxidized to
depth of about 1 m and contains clasts that lack discernible weathering
rinds, both features characteristic of the Evans Creek Drift, which was
deposited during the Fraser Glaciation, the last major glaciation in
western Washington (Crandell and Miller, 1974; Colman and Pierce,
1981). Age approximately 17 to 25 ka (Barnosky, 1984; Crandell,
1987). Shown only where extensive and thick enough to obscure bedrock
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Intrusive andesite and basaltic

Moraine deposits—Deposits lithologically similar to those mapped as Evans

Creek till deposits (Qet); form large lateral moraine on south valley wall
of Coldwater Creek (Crandell, 1987), smaller lateral moraines northwest
of Elk Lake and east of Tradedollar Creek, elongated mound at
confluence of two main forks of Miners Creek, and ridge on drainage
divide between Coldwater and South Coldwater Creeks

Hayden Creek Drift (Pleistocene)}—Divided into:
Till deposits—Unsorted, unstratified diamicton composed of angular to

rounded clasts as much as 2 m across in a compact matrix of sand, silt
and clay. Forms veneer as much as several meters thick on gentle
upland surfaces of drainage divides in western half of quadrangle. Till is
typically highly weathered to depth of 1 m, oxidized to depth of 3 m,
and contains clasts in upper part of weathered zone that exhibit
weathering rinds 1 to 2 mm thick; these features suggest correlation with
the Hayden Creek Drift of Mount Rainier region (Crandell and Miller,
1974; Colman and Pierce, 1981). Age of the Hayden Creek Drift is
controversial; it may be as young as about 60 ka (Crandell and Miller,
1974; Crandell, 1987) or greater than 300 ka (Dethier, 1988); 140 ka is
age preferred by Colman and Pierce (1981) on basis of weathering-rind
thicknesses. Shown only where extensive and thick enough to obscure
bedrock

Moraine deposits—Deposits lithologically similar to those mapped as

Hayden Creek till deposits (Qht) forming lateral moraine(?) on small
drainage divide north of South Coldwater Creek

BEDROCK
Intrusive rocks

Hornblende porphyry (Miocene)—1- to 2-m-thick dike of dark-gray

porphyritic basalt intruding main phase (Tsm) of Spirit Lake pluton on
north flank of Mount Whittier. Contains phenocrysts of plagioclase (as
long as 3 mm), brown hornblende. (as long as 3 mm: partly resorbed,
with rims of fine-grained pyroxene), augite (as much as 2 mm across),
and altered olivine (as much as 2 mm across) in a murky intergranular
groundmass: also contains xenocrysts of quartz and uralitized pyroxene
derived from granodioritic host rock and cognate inclusions of
hornblende-olivine gabbro. Deuterically altered. but less so than host
rock. Relict hornblende yielded a 9.7+0.2 Ma 40Ar/3%Ar laser-fusion
plateau age (table 1: Evarts and others: in press)

andesite (Miocene and
Oligocene)—Widespread dikes, sills, and plugs of aphyric to porphyritic
andesite and basaltic andesite. Dikes typically 1 to 3 m thick.

Petrographically similar to andesite flows (Ta; and Ta,) and considered to-

be subvolcanic intrusions genetically related to these flows: hydrated but
otherwise fresh black glass preserved in a few dikes. Swarms of
approximately east-west-trending dikes at west end of Johnston Ridge
composed of aphyric to sparsely phyric basaltic andesite and lesser
porphyritic andesite and basalt; locally this area contains zones as wide
as 10 m that consist entirely of dikes. Presence of rare dikes intruding
21-Ma Spirit Lake pluton indicates that some andesite intrusions are
much younger than Oligocene volcanic rocks. but all are somewhat
altered and therefore probably Tertiary in age

Spirit Lake pluton (Miocene)—Divided into:
Granite phase—Light-gray to pale-pinkish-gray. fine- to medium-grained,

porphyritic and commonly miarolitic two-pyroxene granite, hornblende-
pyroxene granite, biotite-hornblende granite. and alaskite (Evarts and
others, 1987). Forms irregular but generally elongate bodies on Black
Mountain. north of St. Helens Lake, and near Mount Margaret as well as
widespread unmapped thin alaskite dikes throughout pluton. Forms
about 8 percent of pluton overall but only about 1 percent of exposures
in this quadrangle. Consists of many individual subphases or “surges”
(Cobbing and Pitcher. 1972): contacts between subphases range from
sharp to gradational and are commonly complex geometrically.
Contacts with main phase (Tsm) generally sharp but locally gradational.
Consists of phenocrysts of plagioclase (5-30 percent: as long as 8 mm).
augite (<5 percent: as long as 4 mm). hypersthene (<5 percent: as long
as 4 mm). and Fe-Ti oxide (1-2 percent: as much as 2 mm across) in a
groundmass of predominantly quartz and alkali feldspar (average grain
size 1 mm); subhedral to anhedral green hornblende and brown biotite
present locally in amounts less than 5 percent. Groundmass textures
vary from micrographic to spherulitic to microgranular to aplitic.
Deuteric alteration pervasive: primary mafic phases generally uralitized
or chloritized: plagioclase variably replaced by albite. epidote. sericite.
chlorite. K-feldspar. and kaolinite. Clots and veinlets of fine-grained
black tourmaline are widespread and particularly abundant in bodies near
Mount Margaret. Zircon fission-track ages of about 21 Ma have been
determined on samples from granite phase to east of quadrangle (Evarts
and others, in press)

Main phase—Dark- to light-gray to pale-pinkish-gray. medium- to coarse-

grained. pyroxene-bearing quartz diorite. quartz monzodiorite,
granodiorite, and granite: average composition is granodiorite (Evarts
and others, 1987). Comprises virtually all of pluton exposed in this
quadrangle but roughly 77 percent of pluton overall. In detail, consists
of myriad texturally and chemically heterogeneous subphases that have
subtle and commonly gradational contacts. Average grain size 2-3 mm.
Consists of blocky to prismatic plagioclase (40-60 percent: as long as 10
mm), augite (2-10 percent: as long as 6 mm). hypersthene (0.5-5
percent; as long as 5 mm), and subequant Fe-Ti oxide {0.5-3 percent; as
much as 1 mm across) in a groundmass of equant anhedral to
micrographic quartz (12-20 percent: as much as 2 mm across) and K-
feldspar (8-20 percent: as much as 2 mm in diameter); late-magmatic
brown hornblende (0-2 percent: as much as 1 mm across) and biotite (0-
7 percent: as much as 1 mm across) present sporadically in interstices or
partially replacing pyroxene. Plagioclase in many samples is dark gray
owing to abundant, minute, unidentified inclusions. Rock texture varies
from coarsely porphyritic to hypidiomorphic granular depending on
shapes and grain sizes of late-stage quartz and K- feldspar: most main-
phase rocks in quadrangle contain relatively coarse grained and equant
quartz and K-feldspar (indicating relatively slow cooling) and thus possess
hypidiomorphic-granular textures. but subphases having fine-grained
micrographic intergrowths and resultant porphyritic textures present
locally. Deuteric alteration similar to that in granite phase (Tsgr) is
widespread but generally less intense. K-Ar and fission-track
determinations indicate a crystallization age of about 21 Ma (table 1:
Evarts and others. 1987: in press)

Quartz diorite phase—Dark- to medium-gray. fine- to medium-grained.

porphyritic to seriate two-pyroxene and hornblende-pyroxene quartz
diorite and granodiorite. In this quadrangle. present only as small
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elongate bodies between Green River and Spirit Lake, but constitutes 15
percent of pluton overall. Contacts with main phase (Tsm) and granite
phase (Tsgr) generally sharp. Contains phenocrysts of plagioclase (20-
35 percent; as long as 7 mm), pyroxene (25-30 percent; 1-2 mm
across), and hornblende (<5 percent; 1 to 2 mm long) in an intergranular
to hypidiomorphic-granular groundmass (average 1 mm) of plagioclase,
pyroxene, quartz, Fe-Ti oxide, with or without alkali feldspar,
hornblende, and (or) biotite. Deuteric alteration is similar to that
described in other phases, but generally more intense

Granodiorite (Miocene or Oligocene}—Small irregular body of light-greenish-
gray, porphyritic pyroxene granodiorite in Bear Creek. Composed of
phenocrysts of plagioclase (25 percent; 2 to 5 mm long) and pyroxene
(12 percent; 1 to 2 mm across) and microphenocrysts of quartz (2
percent; 0.3 mm diameter) and Fe-Ti oxide (2 percent; 0.3 to 1 mm
across) in a murky hypidiomorphic groundmass of same minerals plus
alkali feldspar. Cuts adjacent diorite sill (Tdi); contact metamorphosed by
Spirit Lake pluton

Diorite (Miocene? and Oligocene)—Black to greenish-gray, fine- to medium-
grained, pyroxene diorite present as widely scattered dikes and sills.
Varies in texture from porphyritic to intergranular to subophitic.
Consists of plagioclase (1 to 3 mm long), augite (1 to 3 mm long), and
Fe-Ti oxide (<0.5 mm across), with or without hypersthene (1 to 3 mm
long), olivine (1 to 3 mm across), and traces of interstitial quartz;
amygdules or miarolitic cavities common but rarely abundant. Typically
displays minor to complete deuteric alteration to smectite and (or)
chlorite, laumontite, albite, calcite, and other secondary minerals. Sill in
Bear Creek recrystallized but contains relict black augite in conspicuous
multicrystal clots as much as 6 mm across

Sill complex of Windy Ridge (Oligocene)}— Medium-gray to pale-greenish-
gray, fine- to medium-grained, porphyritic to seriate pyroxene diorite to
granodiorite forming a crudely sill-ike, multiphase intrusion on Windy
Ridge. Exposed apparent thickness as great as 250 m. Texturally
variable but typically contains phenocrysts of plagioclase (40 percent; 1
to 3 mm long), augite (5-10 percent; 1 to 3 mm long), hypersthene (5-
15 percent; 1 to 2 mm long), and orange-brown hornblende (<3
percent; average 1 mm long but locally as long as 10 mm) in
intergranular to hypidiomorphic granular groundmass of same minerals
plus quartz, alkali feldspar, Fe-Ti oxide, local traces of biotite, and
secondary minerals. Extensive deuteric alteration. In some places
contains numerous rounded inclusions 1 to 4 cm across of fine-grained
pyroxene gabbro and jackstraw-textured hornblende diorite. Hornblende
from a dike offshoot of sill complex at south tip of Spirit Lake vielded a
K-Ar age of 24.3 +£1.3 Ma (table 1)

Intrusive dacite and rhyolite (Oligocene)}—Widely scattered dikes, sills, and
plugs of light-gray, pink, or buff, aphyric to sparsely phyric, and
generally flow-banded dacite and minor rhyolite; most common in area
north of Spirit Lake. Petrographically similar to silicic flows (Td and
Td,)

Intrusive basalt and basaltic andesite (Oligocene)—Thick tabular plugs of
dark basalt and basaltic andesite on south side of Johnston Ridge and in
headwaters of South Coldwater Creek. Petrographically identical to and
probably feeders for nearby mafic extrusive rocks (Tb+)

VOLCANIC AND SEDIMENTARY ROCKS
Volcaniclastic sedimentary rocks (Oligocene)—In this area, divided into:

Unit 2—Volcaniclastic sedimentary rocks stratigraphically above basaltic
andesite of Coldwater Peak (Tcp). Diverse assemblage of varicolored
continental volcaniclastic rocks of inferred epiclastic origin. Consists of
siltstone, sandstone, conglomerate, and abundant breccia, all composed
entirely of volcanic debris. Locally includes thin beds of pumiceous
pyroclastic rocks and lava flows too small or poorly exposed to map
separately. Typically light green to olive green or greenish gray but also
white, tan, brown, or maroon. Virtually all lithic clasts are volcanic rocks
petrographically identical to interbedded basalt, andesite, and dacite;
minor components include plagioclase, pyroxene, and Fe-Ti oxide
crystals, pumice, fine-grained plutonic rocks, and plant remains; coaly
beds a few centimeters thick are present locally. Includes strata ranging
from thin-bedded and relatively fine grained fluvial or lacustrine deposits
to thick, massive, unsorted, very coarse grained breccia sequences
probably deposited by lahars and debris flows. Origin of many volcanic
diamictites unknown, and unit doubtless includes explosion (vent) breccia,
block-and-ash flows, landslide deposits, and talus breccia. Metamorphic
recrystallization and hydrothermal alteration of volcaniclastic rocks is
generally much more complete than in associated lava flows; zeolite-
bearing and clay-carbonate assemblages are common. Locally consists
of:

Volcanic conglomerate facies—Beds of well-sorted polymictic volcanic
conglomerate as thick as 20 m that crop out near Spirit Lake; contains
well-rounded to subrounded cobbles and boulders of lava and tuff in a
sandy, crystal-rich matrix; probably of fluvial origin

Unit 1—Volcaniclastic sedimentary rocks lithologically similar to those of unit
Tvs, but stratigraphically below basaltic andesite of Coldwater Peak
(Tcp). Abundant coarse tuff-breccia {thoroughly recrystallized) of
undetermined origin crops out in canyon of Miners Creek adjacent to
Spirit Lake pluton. Locally consists of:

Volcanic breccia facies—Beds of gray to purplish- or reddish-brown,
massive, well-indurated, very poorly sorted, matrix-supported breccia that
crop out near west end of Johnston Ridge; contains angular to rounded
blocks as large as 1.5 m in diameter; probably deposited by lahars

Tuff (Oligocene)—In this area, divided into:

Unit 2—Tuff stratigraphically above basaltic andesite of Coldwater Peak
(Tep). Heterogeneous unit composed of andesitic to rhyolitic tuff,
pumiceous lapilli-tuff, and pumice-bearing tuff-breccia; relatively coarse
grained deposits predominate; inferred to be mostly of pyroclastic
(chiefly ash-flow) origin. Includes all mappable strata that contain
abundant pumice lapilli or possess an ash-rich matrix, hence unit
contains some slightly to moderately reworked pyroclastic deposits.
Also includes sequences of interbedded tuffaceous and pumice-poor
epiclastic sedimentary rocks, in which pumice-bearing beds dominate.
Mainly shades of green, but locally white, brown, or purple.
Proportion of angular lithic volcanic fragments highly variable but
commonly exceeds 15 percent. Pumice lapilli mostly flattened in lithic-
poor tuff but less so where lithic clasts are abundant; flattening in thin
tuff beds attributed to compaction during burial rather than to welding.
Carbonized woody debris present in some tuff. Phenocrysts typically
constitute less than 15 percent of juvenile material in tuffs and include
plagioclase, augite, hypersthene, and Fe-Ti oxide but no quartz,
hornblende, or biotite. Original glass ubiquitously replaced by fine-
grained smectites and zeolites or devitrified to cryptocrystalline quartz
and alkali feldspar

Unit 1—Rocks lithologically similar to those of unit Tt,, but stratigraphically
below basaltic andesite of Coldwater Peak (Tcp). Two thin beds of
quartz-phyric tuff crop out on north flank of Black Mountain and on
peak east of Tradedollar Lake; both are contact metamorphosed

Andesite and basaltic andesite (Oligocene)—In this area, divided into:

Unit 2—Andesite and basaltic andesite stratigraphically above andesite of
Coldwater Peak (Tcp). Petrographically diverse, aphyric to highly
porphyritic, black, gray, green, brown, and red flows and flow-breccia of
pyroxene andesite and basaltic andesite. Present mainly as single flows
or in groups of a few flows with minor intercalated volcaniclastic beds,
but a section of porphyritic flows between Spirit Lake and Mount
Margaret is as thick as 600 m. Individual flows range from 2 to 20 m
thick; most are 6 to 10 m. Contacts commonly poorly exposed, so
some layers mapped as flows may be shallow sills. Porphyritic andesite
typically contains phenocrysts of plagioclase (15-25 percent; as long as 6
mm), augite (3-12 percent; as much as 5 mm across), hypersthene (0-6
percent; as long as 5 mm), and Fe-Ti oxide (1-2 percent; as much as 1
mm diameter) in an intersertal, pilotaxitic, hyalopilitic, or cryptocrystalline
groundmass of same minerals plus interstitial glass (normally devitrified
or replaced by clay minerals). Basaltic andesite contains olivine
phenocrysts (as much as 5 percent; 1 mm across; with granular
pyroxene rinds) as well, differing from basalt (Tb) by possessing
orthopyroxene phenocrysts and a more felsic groundmass. Some flows
highly amygduloidal. Most porphyritic flows massive and blocky jointed;
aphyric flows commonly exhibit subhorizontal platy parting; some are
flow banded

Unit 1—Widespread flows of andesite and basaltic andesite lithologically
similar to unit Ta, but stratigraphically beneath basaltic andesite of
Coldwater Peak (Tcp). Strikingly porphyritic basaltic andesite that
contains plagioclase phenocrysts and glomerocrysts as large as 1 cm
crops out north of Tradedollar Lake and at several places in South
Coldwater Creek; a few petrographically identical dikes are found in
these same areas

Dacite and rhyolite (Oligocene)—In this area, divided into:

Unit 2—Dacite and rhyolite stratigraphically above andesite of Coldwater
Peak (Tcp). Poorly exposed flow and flow-breccia of white, flow-banded,
aphyric dacite or rhyolite adjacent to sill complex of Windy Ridge in
southeast corner of quadrangle; thoroughly recrystallized to fine-grained
quartz, feldspar, calcite, Fe-Ti oxide, epidote, and chlorite

Unit 1—Dacite and rhyolite stratigraphically below andesite of Coldwater
Peak (Tcp). Widely scattered flows, small domes, and associated breccia
of generally flow-banded pyroxene dacite and minor rhyolite; color
ranges from white to green, light gray, red, brown, and purple; may
locally include small shallow intrusive bodies. Typically forms lenticular
to bulbous flows 5 to 20 m thick. Contains sparse phenocrysts or
microphenocrysts of plagioclase (as much as 5 percent; 1 to 2 mm long),
pyroxene (1-2 percent; 0.5 to 1 mm across), and Fe-Ti oxide (1-2
percent; as much as 0.5 mm across) in a spherulitic, micropoikilitic, or
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snowflake-textured cryptocrystalline groundmass of quartz, albite, K-
feldspar, and Fe-Ti oxide; amphibole and biotite absent. Most exposures
show minor supergene alteration stemming from oxidation of traces of
pyrite

Basalt (Oligocene)—In this area, divided into:

Unit 2—Basalt stratigraphically above andesite of Coldwater Peak (Tcp).
Two flows, exposed on west side of ridge east of Bear Creek, of bluish-
to greenish-gray, contact-metamorphosed, porphyritic basalt. Contains
pseudomorphs of olivine (with tiny chromite inclusions)* plagioclase and
augite phenocrysts in a recrystallized intergranular groundmass

- Unit 1—Basalt stratigraphically below andesite of Coldwater Peak (Tcp).

Abundant flows and flow-breccia of dark-gray to greenish-gray, brown-
weathering, aphyric to porphyritic basalt; locally includes minor basaltic
andesite; forms flow sequences as thick as 300 m. Individual flows typically
2 to 6 m thick. Porphyritic flows contain phenocrysts of plagioclase (10-35
percent; as long as 5 mm), olivine (3-10 percent; as much as 2 mm across;
many with tiny inclusions of chromian spinel; invariably altered to quartz,
smectite, and (or) carbonate), and, in some samples, augite (as much as 10
percent; 0.5 to 2 mm across) in an intergranular groundmass of
plagioclase, clinopyroxene, Fe-Ti oxide, and altered glass; local basaltic
andesite flows contain orthopyroxene phenocrysts as well. Flow margins
typically brecciated, highly vesicular, and oxidized to reddish-brown colors.
Plagioclase separated from a flow on south side of Johnston Ridge about 4
km west of Harrys Ridge gave concordant 40Ar/39Ar laser-fusion ages of
36.1+1.0 Ma and 35.2 + 0.5 Ma (table 1)

Basaltic andesite of Coldwater Peak (Oligocene)—Sequence of basaltic
andesite flows and flow breccia approximately 1 km thick underlying
area from Coldwater Peak to Harrys Ridge. Includes aphyric and
porphyritic rocks; porphyritic samples contain phenocrysts of
plagioclase (as much as 40 percent; 1 to 5 mm long), olivine (as much
as 5 percent; 0.5 to 2 mm across) and rare augite (as much as 3
percent; 0.5 to 2 mm across) in an intergranular to pilotaxitic
groundmass of plagioclase, pyroxene, Fe-Ti oxide, and altered
interstitial glass; many flows contain microphenocrysts (0.2 to 0.5 mm
across) of equant, anhedral augite that exhibits irregular extinction and
crude sector-zoning. Base of unit is irregular erosion surface.
Interbedded volcaniclastic rocks present only locally near top of unit

Hornblende dacite (Oligocene}—Poorly exposed flow or plug of grayish-green
porphyritic hornblende dacite in tributary of Green River near northwest
corner of quadrangle. Contains phenocrysts of hornblende (10 percent;
as long as 3 mm) and microphenocrysts of plagioclase (5-10 percent; as
long as 1 mm) in a felsitic groundmass. Intensely altered to albite,
quartz, smectite, calcite, and titanite

1See pamphlet for References Cited.
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